INTRODUCTION {#sec1-1}
============

The advent of resin-based composites served as a viable tooth-colored alternative to amalgam restorations.\[[@ref1]\] However, the most common shortcoming of composite was postoperative sensitivity due to gap formation as a result of polymerization shrinkage especially at the gingi-val cavosurface margin.\[[@ref2]\]

To overcome this problem, use of resin-modified GIC and flowable composites as the intermediate restorative material between dentin and resin composites were suggested. Due to its low viscosity, increased elasticity, and wettability, the flowable resin composite may be useful in absorbing the stress caused by polymerization shrinkage.\[[@ref3]\]

As a further advancement, recently, an innovative resin-based material, combining the properties of self-adhesion and flowability, was developed (Dyad Flow, Kerr, Orange, CA, USA), introducing a new category of restorative materials defined as "self-adhering composite resins" which eliminates the need for a separate bonding application step.

Hence, the hypothesis tested was that self-adhesive composite reduces microleakage in Class II composite restoration when used as a liner both above and below cementoenamel junction (CEJ).

MATERIALS AND METHODS {#sec1-2}
=====================

A total of 60 noncarious, freshly extracted human permanent mandibular molar teeth of similar dimensions with no cracks, decay, fracture, abrasion, previous restorations, or structural deformities (extracted for periodontal reasons) were selected. The teeth were thoroughly cleaned immediately after extraction, stored in 0.1%. Thymol solution for 1 week for disinfection (ISO/TS11405:2003 specifications) and then placed in distilled water until they were used to prevent dehydration (storage period \<3 months). Standardized mesio-occlusal and disto-occlusal Class II tooth preparations were made (Occlusal box: depth 2 mm, buccolingual width 3 mm, mesiodistal width 4 mm. Proximal box: buccolingual width 3 mm, width of gingival seat = 1.5 mm). The tooth preparation was initiated with diamond round point \#2 followed by straight fissure point \#559. Subsequently, inverted cone diamond point \#35 was used to create flat pulpal floor and gingival seat. About 30 samples were randomly selected, and cervical margin of the proximal box was placed 1-mm coronal to the CEJ in these samples, whereas in the remaining samples, the cervical margin was placed 1 mm apical to the CEJ. A sound tooth structure of 2 mm was left between the two cavity preparations in each tooth. The measurements were verified with a graduated Williams periodontal probe. The prepared teeth were randomly divided into eight groups on the basis of the restorative technique used. Group 1 (*n* = 15): cavities extending coronal to CEJ and restored with self-adhesive flowable composite liner + composite restoration (without aging), Group 2 (*n* = 15): cavities extending apical to CEJ and restored with self-adhesive flowable composite liner + composite restoration (without aging), Group 3 (*n* = 15): cavities extending coronal to CEJ and restored with self-adhesive flowable composite liner + composite restoration (with aging), Group 4 (*n* = 15): cavities extending apical to CEJ and restored with self-adhesive flowable composite liner + composite restoration (with aging), Group 5 (*n* = 15): cavities extending coronal to CEJ and restored with composite restoration without use of liner (without aging), Group 6 (*n* = 15): cavities extending apical to CEJ and restored with composite restoration without use of liner (without aging), Group 7 (*n* = 15): cavities extending coronal to CEJ and restored with composite restoration without use of liner (with aging), and Group 8 (*n* = 15): cavities extending apical to CEJ and restored with composite restoration without use of liner (with aging).

After cavity preparation, samples were restored with the respective restorative technique. In the group with liner, a layer of self-adhesive flowable composite (Dyad Flow) approximately 1 mm in thickness was placed to cover the entire gingival floor of the cavity. Subsequently, in all the groups, bonding agent (OptiBond All-In-One) was scrubbed with an applicator tip for 20 s on all the cavity wall surfaces. The application was repeated and air dried for 5 s followed by light curing for 10 s using LED-curing light in continuous mode. The cavities were then restored with a "nanohybrid" composite (Herculite ultra) using a horizontal incremental technique (1 mm thick) from the cervical to the occlusal surface. Each increment was cured for 20 s from the occlusal surface with a LED-curing light in continuous mode. Then, the metallic matrix was removed, and the restorations were light cured for 20 s from the buccal and lingual surfaces. Further, finishing and polishing were done with the super-snap kit in sequential manner as per manufacturer instructions.

The samples were placed in porous, cotton cloths of different colors, which helped in the identification of different groups. They were then subjected to thermocycling with 500 cycles in a customized thermocycling device and each cycle com-prised of specimens been subjected to 5°C, 37°C and 55°C temperature water bath with a transfer time of 15 s and a dwell time of 30 s between each cycle. Subsequently, in the half of the samples, two coats of nail paint were applied by applicator brush to coat the foramina and the entire sample surface except for the restoration and 1-mm area beyond the margins followed by sticky wax. Further, they were immersed in freshly prepared 0.5% basic fuchsin organic dye and sectioned mesiodistally from the center of the restorations. Samples were then evaluated under stereomicroscope, and microscopic observations were scored using the ISO microleakage scoring system (ISO/TS 11405:2003) according to which numerical values were assigned to represent the extent of dye penetration.

Occlusal microleakage scores {#sec2-1}
----------------------------

0 = No dye penetration1 = Dye penetration into enamel2 = Dye penetration into the dentine, not including the pulpal wall/gingival floor3 = Dye penetration into the dentine including the pulpal wall.

Cervical Microleakage Scores {#sec2-2}
----------------------------

0 = No dye penetration1 = Dye penetration into ½ of the cervical wall2 = Dye penetration into all the cervical wall3 = Dye penetration into the cervical and axial wall.

The remaining half of the specimens were subjected to aging in distilled water for 6 months after which they were tested for microleakage.

STATISTICAL ANALYSIS AND RESULTS {#sec1-3}
================================

Microleakage values were compared using the "Mann--Whiney U-test." At cervical level, Group 2 exhibited significantly less microleakage than Group 6 (*P* = 0.002). Group 5 exhibited statistically lower (*P* = 0.006) microleakage than Group 6, and Group 1 showed less microleakage than Group 5 (*P* = 0.162); however, the difference was not significant. Increased microleakage was observed in aging Groups (3, 4, 7, and 8); however, the difference with nonaging Groups (1, 2, 5, and 6) was not statistically significant. Microleakage scores were lower at the occlusal margins as compared to cervical margins in all the groups. It was also observed that there was no significant difference in occlusal scores among all the groups (Groups 1, 2, 5, and 6) \[Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"} and Figures [1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}\].
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Comparison of microleakage scores of occlusal and cervical margins among different groups (without aging)
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Comparison of microleakage scores of occlusal and cervical margins among different groups (with aging)
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Intragroup comparison of microleakage
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![Stereomicroscopic images of groups 1, 2, 5, and 6](JCD-21-363-g004){#F1}

![Stereomicroscopic images of groups 3, 4, 7, and 8](JCD-21-363-g005){#F2}

DISCUSSION {#sec1-4}
==========

Failure is usually seen in the Class II composite restorations with the cervical margin below the CEJ, due to a gap which usually forms along the cervical wall, which could be due to shrinkage of the composite during polymerization (of up to 2.0%)\[[@ref4]\] or from mismatches between either the coefficients of thermal expansion of the tooth and the composite or between the elastic moduli of the tooth and the composite. This phenomenon leads to microleakage.\[[@ref5]\]

Cervical lining restoration techniques (Sandwich technique) were developed to overcome this disadvantage of resin composites. Some *in vitro* studies\[[@ref6][@ref7]\] have shown that the use of flowable composites as a liner reduces restoration microleakage, and the occurrence of voids was due to their low viscosity, increased elasticity, and wettability.

With the introduction of self-adhering flowable composite (Dyad Flow, Kerr, Orange, CA, USA), which combines the properties of self-adhesion and flowability, the technique of application was further simplified. These resins are based on the bonding technology that uses glycerophosphate dimethacrylate (GPDM) to etch enamel and dentin, and hydroxyethyl methacrylate to enhance wetting and penetration by resin into dentin. This resin bonds chemically between the phosphate groups of a GPDM monomer and the hydroxyapatite of tooth structure and also micromechanically between the polymerized monomers of the self-adhering flowable composite resin and the collagen fibers and smear layer of dentin.\[[@ref8]\]

Varying the filler particles helps prevent microleakage, increase the modulus of elasticity, and rigidity for the adhesive system. This means that the filler size and content play an important role in the clinical performance of adhesive systems.\[[@ref5]\] Hence, a new category of resin composite was developed and named as nanofilled composites. The microfilled composites present nearly 37%--40% volume of filler loading while the nanofilled resins have approximately 60% volume filler loading, making the nanofilled resins as strong as the hybrid and microhybrid resins.\[[@ref9]\]

A variety of different techniques for assessing microleakage have been developed and utilized. The most modern techniques utilize different principles involving biological, chemical, electrical, physical, or radioactive components. These include the use of dyes, radioactive isotopes, air pressure, bacteria, neutron activation analysis, artificial caries, scanning electron microscopy, calcium hydroxide, and other methods.\[[@ref10][@ref11]\]

The use of organic dyes is one of the most popular techniques using this principle. It is also one of the oldest and time-tested methods. Some of the organic dyes used including basic fuchsin, methylene blue, eosin, aniline blue, crystal violet, drawing ink, and erythrosine The basic fuchsin dye is one of the most commonly used dyes today.\[[@ref12]\] Percentage concentration currently in use ranges from 0.5% to 2.0%.\[[@ref13]\] Hence, the samples were immersed in 0.5% basic fuchsin for 24 h. This is the most commonly used and advocated organic dye in the literature\[[@ref9][@ref14]\] for dye penetration scores due to its low-molecular size of 1--2 nm. The sectioned teeth were observed under a stereomicroscope at 12× magnification and scored for the degree of dye penetration by two blindfolded examiners. Microleakage scores were independently assigned by two examiners, and in case of disagreement between their evaluations, the worst score was considered for statistical analysis. Microscopic observations were scored using the ISO microleakage scoring system (ISO/TS 11405:2003).\[[@ref15]\]

In the current study, all specimens were stored in distilled water for 6 months which was periodically changed to prevent bacterial growth. To simulate the oral environment, the samples were kept in the incubator at 37°C. Various methods of aging composites artificially have been described in the literature, for example, storage of the dry material at 37°C in acids, immersion in distilled water, hot water or artificial saliva, and accelerated artificial aging by thermocycling at different temperatures. In the present study, we have used thermocycling and storage in distilled water for artificial aging. Saliva was not used because of the possibility of growth of microorganisms over a period.

At cervical level, composite exhibited significantly more microleakage at the cementum margin when compare to the enamel margin. This may be because of the better bonding of composite to enamel since dentin exhibit less reliable bonding due to its complex structure.\[[@ref16]\] Within the enamel margin, flowable composite liner exhibited less microleakage than without flowable composite liner although the difference was not statistically significant (*P* = 0.162). It appears that the influence of low elastic modulus on stress development of flowable composites is surpassed by their high contraction strain, resulting in stress levels that are equivalent to those obtained with nonflowable material.\[[@ref17]\] Flowable composite liner exhibited more microleakage at the cementum margin when compare to the enamel margin (*P* = 0.493). The low modulus of elasticity of flowable composite allows for plastic deformation, which acts as an elastic buffer and increases the flexibility of the bonded assembly and might act as a shock absorber, and thus, compensates for contraction shrinkage stress when used as a liner.\[[@ref18]\] In self-adhesive flowable composite, there is a high hygroscopic expansion of the hydrophilic acidic phosphate Group and a short spacer Group in the adhesive monomer (GPDM). The hygroscopic expansion and relatively low polymerization shrinkage might be the reason for this high-sealing performance.\[[@ref18]\] Within the cementum margin, flowable composite liner exhibited significantly less microleakage than without flowable composite liner (*P* = 0.002). Composites have a relatively high modulus of elasticity and employing an intermediate layer of flowable composite liner may provide better adaptation. Due to their relative flexibility, these liners help relieve stresses during polymerization shrinkage of the composite restorations. The use of flowable materials as a liner underneath the resin composites may reduce the effects of the C-factor. Lowering the C-factor may lower the internal stresses within the placed restoration.\[[@ref19]\]

Microleakage scores were lower at the occlusal margins as compared to cervical margins in all the Groups. This is due to the lesser thickness of enamel at the cavo surface margin of the proximal aspect which requires adhesion of the restorative materials to greater proportion of dentin. An additional reason may be the bonding of composite to a more complex substrate (cementum/dentin) than enamel.\[[@ref16]\] Another reason for increased gingival microleakage when compared to occlusal relates to the distance of light source from the material at the proximal box especially the gingival floor as compared to occlusal surfaces.\[[@ref16]\] It was also observed that there was no significant difference in occlusal scores among all the Groups. The reason could be that the same materials and techniques were used in all the Groups at the occlusal level.

At 6 months, aging increased microleakage in all the Group although the difference was statistically nonsignificant. This showed that aging had no significant effect on the microleakage of both nanofilled and flowable composites in the enamel and cementum margins. Microleakage in the aging Groups followed the same pattern as that of the nonaging Groups. Previous studies\[[@ref20][@ref21]\] have also assessed the effect of aging on microleakage of composites and have concluded that aging pronounced produces no significant effect. Gonulol *et al*.\[[@ref22]\] concluded that when the composite Groups were compared for 5000 and 15,000 thermal cycles, no significant differences were detected for both enamel and cementum microleakage scores. In contrast, Naga *et al*.\[[@ref8]\] in his study found increased microleakage of the tested materials with aging. However, the study assessed the effect of aging regarding cyclic loading which may have led to a difference in the results.

The limitations of this study were sample size and relatively lesser aging period (6 months) was observed. Hence, further studies are required to demonstrate the effect of aging.

CONCLUSION {#sec1-5}
==========

Within the limitations of this study, it can be concluded that self-adhesive flowable composite, when used as a liner below composite in open sandwich restorations, can significantly decrease the microleakage and hence provide better marginal sealing ability when the cervical margin is in cementum. In addition, the marginal sealing ability of nanofilled composite with or without the use of a self-adhesive flowable liner is not significantly affected over a period of 6 months.
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